Recent work on regional flood frequency estimation has shown that accurate flood quanti!e estimates are possible when the underlying flood frequency distributions are identical at all sites in the region except for a scaling factor, particularly when the underlying distribution has a two-parameter form. The class of regional probability-weighted moment (PWM) estimators is investigated for robustness to misspecification of the assumed distributional form and to regional heterogeneity in moments of order higher than one. Whereas two-parameter distributions belonging to the extreme value family perform quite well when the form of the underlying distribution is close to that of the fitted distribution, large biases can result when the distribution is misspecified. The three-parameter generalized extreme value distribution (GEV), when fitted using the regional PWM method, has been shown to be relatively insensitive to violations of the distributional assumption, and to have low variability and bias. In this paper it is shown that regional estimation methods using the three-parameter GEV distribution are relatively insensitive to modest regional heterogeneity in the coefficient of variation and quite insensitive to regional variation in the skew coefficient. The key determinant of the performance of the regional estimators is shown to be the regional mean coefficient of variation. For high values of the mean coefficient of variation, such as might be encountered in arid regions, an alternate PWM estimation method based on the GEV distribution that accommodates the regional heterogeneity in the higher order moments is preferred. The trade-off between this alternate method and the approach that assumes regional homogeneity in moments higher than order one is sensitive to the record lengths.
INTRODUCTION
Ihe estimation of flood risk is a problem that has motivated a multitude of journal articles, reports and conference proceedings which reflect a wide variety of approaches ranging [r0m esoteric mathematical formulations to highly structured imitutional guidelines. Despite the volume of literature that has resulted from both theoretical and applied investigations, there remains no consensus as to how best to proceed. Much of the theoretical work cannot be applied in practice, either because data limitations are ignored, or because the mathematical solutions require unrealistic assumptions [Greis, 1983] . On the other hand, the assumptions invoked by the . While x r is usually taken to be the peak runoff (either instantaneous or averaged over a fixed period, such as one day), it could also represent the runoff volume associated with a given event. The probability distributions F• are usually taken to represent the probability that the largest event in a given year will exceed x (annual maxima), and the discussion here makes this implicit assumption.
It is widely recognized that a short record of data from a floodlike distribution, when plotted on a probability scale, can display a behavior which is quite different from the x r -T relationship of the underlying distribution. Therefore the index flood methods contain an implicit assumption that the region from which the m sites are drawn is homogeneous. That is, all moments of order higher than one are assumed to be identical (when corrected for scale While an assumption of regional homogeneity may not be justified, the trade-off between the increased information provided by regional pooling of flood data, and site-to-site variations, is not clear. Further, the performance of regional estimation approaches based on recently developed robust estimators [e.g., Hoskin!t et al., 1985b] has not been fully explored. Therefore in this paper, it is our objective to (1) explore the robustness of selected regional flood methods with respect to the assumed form of the regional flood distribution; (2) explore the robustness of selected regional flood methods with respect to regional heterogeneity in the at-site floed distributions; (3) explore the sensitivity of selected regional flood methods to record length; and (4) explore the performance of regional flood methods that provide for site-to-site variations in moments higher that the first order. Two classes of estimators are considered here: at-site and regional. In the experiments reported later, the at-site estimators were applied independently to each site, while the regional estimators, all of which are based on an index flood approach, made use of the data from all the sites simultaneously as described below. The estimators considered were as follows.
1. EV1/AS, an at-site estimate of the EV1 distribution using PWM estimators as described above, resulting in a = (Mo* --2Mt*)/ln (2); u = Mo* -0.57721a.
2. GEV/AS, an at-site estimate of the GEV distribution also using PWM estimators. As shown by Hoskint] et al. --0, 1. Then, the regional parameters a,, u,, and g• accuracy of the at-site PWM's improves with Sample size, and the heterogeneity that is ignored by the GEV-1 (which implicitly assumes a homogeneous region) begins to dominate the rmse of this method. This implies that for moderate to large sample sizes, it is possible to make use of the modified method which accommodates some of the regional heterogencity; hence the importance of choosing relatively homogeneous regions is somewhat reduced as the sample size increases. This result is perhaps of less importance in evaluating the methods than for illustrating the relative importance of the variables controlling the rmse's and biases. In the vast majority of practical applications, average regional sample sizes will be in the range 20-40, and result sets I-IV should provide a reasonable basis for assessing the relative performance of the methods.
CONCLUSIONS
The experiments described herein were designed to explore the robustness of selected regional and at-site flood frequency, estimation procedures with respect to (1) the underlying flood distribution, (2) regional heterogeneity in the moments of the underlying flood distribution, (3) variations in record length over the region, and (4) to explore the performance of regional flood frequency estimation methods that provide for site-tosite variations in mom&iats higher than the first order. The 
